Salmonella contamination in chicken samples can cause major health problems in humans. However, not only the effects of antibiotic treatment during growth but also the impacts of the poultry slaughter line on the prevalence of Salmonellae in final chicken meat sold to consumers are unknown. In this study, we compared the isolation rates and antimicrobial resistance of Salmonellae among antibiotic-free, conventional, conventional Korean native retail chicken meat samples, and clonal divergence of Salmonella isolates by multilocus sequence typing. In addition, the distribution of extended-spectrum β-lactamase (ESBL) genes in ESBL-producing Salmonella isolates was analyzed. A total of 72 retail chicken meat samples (n = 24 antibiotic-free broiler [AFB] chickens, n = 24 conventional broiler [CB] chickens, and n = 24 conventional Korean native [CK] chickens) was collected from local retail markets in Seoul, South Korea. The isolation rates of Salmonellae were 66.6% in AFB chickens, 45.8% in CB chickens, and 25% in CK chickens. By analyzing the minimum inhibitory concentrations of β-lactam antibiotics with the disc-diffusion test, we found that 81.2% of Salmonella isolates from AFB chickens, 63.6% of isolates from CB chickens, and 50% of isolates from CK chickens were ESBL producers; all ESBL-positive isolates had the CTX-M-15 genotype. Interestingly, all ESBL-producing Salmonellae were revealed as ST16 by multilocus sequence typing and had the genetic platform of bla CTX-M gene (IS26-ISEcp1-bla CTX-M-15 -IS903), which was first reported in Salmonellae around the world. The Salmonella ST33 strain (S. Hadar) isolated in this study has never been reported in South Korea. In conclusion, our findings showed that antibiotic-free retail chicken meat products were also largely contaminated with ESBL-producing Salmonellae and that their ESBL genes and genetic platforms were the same as those isolated from conventional retail chicken meat products.
INTRODUCTION
Salmonella is an important pathogen that can cause acute enteric illness in humans via consumption of contaminated foods (Pegues et al., 2006) . Moreover, this pathogen can be associated with high mortality and recurrence rates in some individuals, depending on the condition of the intestinal tract, age, and underlying illness or immunodeficiencies (Gordon et al., 2002; Gordon, 2008; Pui et al., 2011) . Thus, it is essential to utilize appropriate antibiotic-based strategies for prevention and therapy (Li et al., 2014) .
The production of extended-spectrum β-lactamases (ESBL) in Salmonella is a predominant cause of re-to the human intestinal bacterial flora (Galbraith, 1961; Vandeplas et al., 2010; Overdevest et al., 2011; Kola et al., 2012) . Thus, identification of the ESBLproducing strains is critical for development of more effective therapeutic strategies to prevent Salmonella infection in humans.
The National Agricultural Products Quality Management Service (NAQS) of Korea describes antibioticfree products as livestock products that have been raised on antibiotic-free feed without the use of antibiotics, synthetic antimicrobials, or hormones. The number of retail chickens raised in an antibiotic-free environment has increased sharply during the last decade, and the market for antibiotic-free livestock is expected to grow considerably in South Korea and the United States (Greene, 2001; NAQS, 2016) .
Some retail chicken products are labeled as "antibiotic-free," which may give the consumer the perception that the product is free not only from chemical but also microbiological contaminants as opposed to the unlabeled ones (Pouta et al., 2010; Van Loo et al., 2010) . As a result, consumers may expect that the products are less likely to contain pathogens or antimicrobial-resistant organisms, including Salmonellae (Mollenkopf et al., 2014) . However, little is known about the contamination of Salmonellae or ESBLproducing Salmonellae in meat products from chickens labeled as "antibiotic-free" when compared with meat products without any label.
In South Korea, some antibiotic-free and conventional broiler chickens are slaughtered at 4 to 5 weeks on the same slaughter line, while conventional Korean native chickens are slaughtered at 11 to 12 weeks on a line separate from broiler chickens. There are no requirements for slaughtering antibiotic-free chickens in South Korea, although sharing a slaughter line can be a route of contamination of Salmonellae (Heyndrickx et al., 2002) .
Therefore, in this study, we compared the isolation rates and antimicrobial resistance of Salmonellae among antibiotic-free, conventional, and conventional Korean retail chicken meat samples and performed epidemiological analysis of Salmonella isolates from retail chicken meat samples. In addition, we investigated the distribution of ESBL genes in ESBL-producing Salmonella isolates within their genetic environment.
MATERIALS AND METHODS

Sample Collection
From July to September 2015, a total of 72 retail chicken meat samples (24 antibiotic-free broiler [AFB] chickens, 24 conventional broiler [CB] chickens, and 24 conventional Korean native [CK] chickens) was collected from local retail markets in Seoul, South Korea. All 3 types of chickens and both of AFB and CB chickens were slaughtered at the same slaughterhouse and on the same slaughter line, respectively. Although it is ideal to separate the slaughter line between antibiotic-free and conventional chickens for proper comparison, we could not obtain such samples in this study. Thus, CK chicken samples that did not share the slaughter line with broiler samples also were tested. On each of 3 visits, we randomly selected 8 packaged whole chicken carcasses without giblets. All retail chicken meat samples were individually and aseptically vacuum-packaged. After purchase, the samples were transported to a laboratory refrigerator (4
• C) and tested within 24 hours.
Salmonella Isolation and Phenotypic Characterization
Isolation of Salmonella strains was performed as previously described . Each carcass was aseptically removed from the package and placed in a sterile bag containing 400 mL distilled water. After gentle shaking for one min, 25 mL of the rinsate were mixed with 25 mL of 2× buffered peptone water (Oxoid, Basingstoke, UK) and incubated at 37
• C for 24 hours. Each culture (100 μL) was inoculated into 10 mL Rappaport-Vassiliadis soy peptone broth (BioMérieux, Marcy l'Etoile, France) and incubated at 42
• C for 24 h in a selective enrichment. One loopful of the culture was streaked onto xylose lysine desoxycholate agar (XLD; Oxoid), and the plates were incubated at 37
• C for 24 hours. Putative positive samples produced red colonies with black centers on the XLD plates; 3 colonies from each sample were identified to the species level using a Vitek 2 GN (BioMérieux), an automated microbial identification system based on the biochemical characteristics of Gram-negative bacteria. Serotyping was performed by agglutination tests using antisera to the somatic O antigen and phase 1 and phase 2 flagellar antigens (Difco, BD, Sparks, MD) 
Multilocus Sequence Typing
For analysis of interspecific biodiversity of Salmonella isolates, plasmid DNA was extracted using a HiYield plasmid mini kit (RBC, Banqiao, Taiwan) and then applied as the DNA template. Multilocus sequence typing (MLST) was performed as described previously (O'Farrell et al., 2012). Using polymerase chain reaction (PCR), 7 house-keeping genes, i.e., thrA, purE, sucA, hisD, aroC, hemD, and dnaN, were amplified using specific primers. The PCR conditions were described in the Salmonella enterica MLST database (http://mlst.warwick.ac.uk/mlst/). The amplified products were examined for size, purified, and sequenced. The distinct allele sequences were analyzed using the above-mentioned database, and allelic profiles and sequence types (ST) were assigned to a serotype. Then, the ST confirmed in this study were compared with the other ST reported within the same serovars isolated in this study, according to the MLST database. Allele sequences for each ST were concatenated in the order aroC-dnaN-hemD-hisD-purE-sucA-thrA for a final composite length of 3,336 bp. The concatenated sequences were aligned using BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html), and a neighbor-joining tree was constructed using MEGA version 6.06 (http://megasoftware.net/).
ESBL Detection and Gene Characterization
ESBL production was determined by the phenotypic confirmatory disc-diffusion method, as recommended by the Clinical and Laboratory Standards Institute (CLSI, 2008) . Isolates that were positive for ESBL production were selected to test the presence of ESBL genes (i.e., TEM, SHV, and CTX-M). These genes were confirmed by PCR, as described previously (Batchelor et al., 2005; Rayamajhi et al., 2008) . For CTX-M positive isolates, PCR was performed for identifying the bla CTX-M gene group using the primers and PCR conditions described by Kim et al. (2015) . The amplified PCR products were sequenced, and the sequences were analyzed using the NCBI BLAST program (http://www.ncbi.nlm.nih.gov/BLAST) by referring to the Lahey Clinic webpage (http://www. lahey.org/studies).
Analysis of the Genetic Environment of bla CTX-M Genes
The regions surrounding the bla CTX-M gene were investigated by PCR. The primers and PCR conditions used to investigate the genetic environment of bla CTX-M were described by Eckert et al. (2006) . Plasmid DNA from isolates harboring the bla CTX-M gene was used as a template. The insertion sequences ISEcp1and IS26 upstream of the bla CTX-M gene and orf477, mucA, and IS903 downstream of the bla CTX-M gene were identified.
Statistical Analysis
The isolation rates of multi-resistant and ESBLproducing Salmonellae from AFB, CB, and CK chickens were analyzed with Fisher's exact tests using Instat software (version 3.05; GraphPad, San Diego, CA). Differences with P-values of less than 0.05 were considered significant.
RESULTS AND DISCUSSION
Isolation of Salmonellae in Retail Chicken Meat Samples
A total of 33 (45.8%) Salmonellae were isolated from 72 retail chicken meat samples. This isolation rate was consistent with those observed in slaughterhouses (42.7%) and grocery stores (42.3%) in South Korea (Hyeon et al., 2011; Bae et al., 2013) . Sixteen of 24 (66.6%) AFB chicken samples, 11 of 24 (45.8%) CB chicken samples, and 6 of 24 (25%) CK chicken samples were contaminated with Salmonella. Because antimicrobial use is more restricted, the antibiotic-free production method yielded higher Salmonella contamination rates in retail chicken meat than the conventional production method, as expected. This result was consistent with previous reports showing that chicken meats raised without antibiotics are more highly contaminated with Salmonella than chicken meats raised conventionally (Scheinberg et al., 2013; Peng et al., 2016) . In addition, the isolation rate of Salmonella was higher for CB chicken samples than for CK chicken samples. Because CB chickens share the slaughter line with AFB chickens but not CK chickens, cross-contamination may occur between AFB and CB chickens (Olsen et al., 2003) . Indeed, slaughtering broilers infected with Salmonella can lead to contamination of the slaughter line, an important route of cross-contamination (Rasschaert et al., 2007) .
All Salmonella isolates were identified as Salmonella enterica subspecies enterica, and 3 Salmonella serovars were confirmed by the agglutination method (Table 1) : S. Virchow (26 isolates, 78.7%), S. Bareilly (4 isolates, 12.1%), S. Hadar (2 isolates, 6%), and untypable (one isolate, 3%). Serogroup C, including S. Virchow, S. Bareilly, and S. Hadar, was the most commonly isolated group from healthy poultry, underlying the importance of surveillance in poultry animals (Fuche et al., 2016) . Regardless of product type, S. Virchow was the most prevalent serotype (81.2% in AFB chickens, 90% in CB chickens, and 50% in CK chickens), consistent with a previous study in poultry meat from South Korea . According to the Korean Centers of Disease Control and Prevention annual Salmonella report, S. Virchow is also frequently isolated from patients with salmonellosis and was the third most prevalent serotype in 2011 (Park and Lee, 2011) . S. Virchow is thought to rapidly colonize the gastrointestinal tract of chickens, allowing the pathogen to easily enter the food chain and cause human salmonellosis (Hawkey, 2008; Salisbury et al., 2011) . Since 2006, the European Union has been conducting breeding flock control programs targeting 1% or less of positive poultry flocks for 5 key serovars, i.e. S. Enteritidis, S. Typhimurium, S. Infantis, S. Hadar, and S. Virchow (Fuche et al., 2016) , and most countries met their targets in 2012 (Hugas and Beloeil, 2014) . However, in South Korea, no specific policies have been implemented to reduce the prevalence of the target Salmonella serovars. The high contamination rate of Salmonella, including S. Virchow, in this study indicates the need for strict control of Salmonella with specific performance standard in poultry products.
Antibiotic Resistance
The antimicrobial resistance of the Salmonella isolates is shown in Table 1 . Among 33 Salmonella isolates, resistance to β-lactams varied: 81.8% (27 of 33) were resistant to AMP, CZ, and CAZ; 72.7% (24 of 33) were resistant to CTX; 69.6% (23 of 33) were resistant to AZT; 15.1% (5 of 33) were resistant to AMC; and 83.3% (20 of 33) and 12.1% (4 of 33) were resistant to FEP and FOX, respectively. With the exception of GN, all isolates were susceptible to the non-βlactams tested, and 29.1% (7 of 33) were resistant to GN. 81.8% (27 of 33) of Salmonella isolates showed multi-resistance (resistance to 5 or more antibiotics). Contrary to expectations and previous studies (Young et al., 2009; Peng et al., 2016) , there were no significant differences (P < 0.05) in the proportions of multidrug-resistant Salmonella isolates among AFB (93.7%), CB (63.6%), or CK (83.3%) chickens.
The antimicrobial resistance of Salmonella isolates in this study was similar to that in a previous study . At least 72.7% (CB) of isolated Salmonella strains were resistant to first-(cephazolin), third-(cefotazime), and fourth-generation cephalosporins (cefepime). Because third-and fourthgeneration cephalosporins are the treatment of choice for critical infectious diseases with no equivalent alternative treatment, the high antibiotic resistance rates among Salmonella are a great concern (Paterson and Bonomo, 2005) . In support of a previous study (Lestari, 2009) , our data showed that the levels of antibiotic resistance of Salmonella isolates were high in both CB and AFB retail chickens.
Molecular Subtyping of Isolates
MLST was used in this study to investigate the possible evolutionary relationships among 33 Salmonella isolates from conventional and antibiotic-free retail chicken meat samples, and 6 different ST, including ST16, ST203, and ST33, were identified (Table 1) . Within the serovars observed in this study, the other ST have been reported according to the MLST database. To achieve phylogenetic reconstruction, sequences of the 7 loci of each ST were concatenated in the same order and compared with those sequences of the reported ST. A phylogenetic tree of the concatenated sequences is shown in Figure 1 . In this study, the most common was ST16 (29 isolates, 87.8%) followed by ST203 (3 isolates, 9%), and ST33 (one isolate, 3%). The isolation rate of S. Virchow ST16 (78.7%) was consistent with that observed in patients with acute diarrhea (86.7%) and in retail chicken meats (64.2%) in South Korea Kim et al., 2016) . All S. Virchow isolates were revealed as ST16, consistent with the previous report suggesting that isolates within this serovar show high levels of genetic relatedness with MLST (Salisbury et al., 2011) . However, S. Hadar and S. Bareilly with ST16 also were observed in this study. Such discordant results of MLST with serotyping also were reported by Liu et al. (2011) . Although other ST, such as S. Typhi and S. Bulovka, have been observed in ST16, as described in the Enterobase (http://enterobase.warwick.ac.uk/), to the best of our knowledge, this is the first report of S. Hadar and S. Bareilly with ST16. In this study, all ST203 isolates were identified as S. Bareilly, consistent with a previous Allele sequences for each ST were then concatenated in the order aroC-dnaN-hemD-hisD-purE-sucA-thrA for a final composite length of 3,336 bp. The concatenated sequences were aligned using BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html), and a neighbor-joining tree was constructed using MEGA version 6.06 (http://megasoftware.net/).
* The ST observed in this study.
report from South Korea in 2015 . Additionally, all ST33 isolates were identified as S. Hadar in this study, consistent with a previous report suggesting that ST33 was specific to S. Hadar in poultry meat (Soufi et al., 2012) . Salmonella ST33 was not reported in a study conducted in the same integrator broiler supply chain during 2014 in South Korea , suggesting the existence of a potential new route for contamination. Although Salmonella ST33 has been isolated from various sources in several European and American countries, as described in MLST databases (http://web.mpiibberlin.mpg.de/mlst), to the best of our knowledge, this sequence type had not been reported in South Korea. In this study, 29 isolates of ST16 were detected in all types of samples, with 93.7% in AFB chicken samples, 100% in CB chicken samples, and 50% in CK chicken samples. Thus, it was difficult to determine the origin of ST16 isolates. Similar to the results of a previous study , our current findings indicated that a combination of different genotyping methods was necessary to determine the route of Salmonella contamination.
ESBL Characterization
By analyzing the results of the disc-diffusion method, 23 isolates were classified as ESBL-producing Salmonella (Table 2) . We did not detect significant differences (P < 0.05) in the proportion of ESBLproducing Salmonellae with reduced susceptibility to or within the median MIC of each of β-lactam antibiotic tested among AFB (81.2%), CB (63.6%), and CK (50%) chickens.
Meat samples from both conventional and antibioticfree retail chickens were largely contaminated with ESBL-producing Salmonellae. Given that antibiotic treatment has had an important effect on the emergence of antibiotic-resistant bacteria and is limited during the antibiotic-free rearing process defined by NAQS, the high contamination rate of AFB is interesting (Teuber, 2001; Smith et al., 2002) and consistent with previous reports showing that, regardless of product type, antibiotic-free retail chicken is contaminated with pathogens or antimicrobial-resistant organisms similar to conventional retail chickens (Price et al., 2005; Smith-Spangler et al., 2012) . One possible explanation for this observation is that the cross-contamination may occur between conventional and antibiotic-free retail chicken meat samples during slaughtering, as has been reported for Salmonella (Rasschaert et al., 2007; Lim et al., 2015) . Additionally, contamination of the poultry living environment with ESBL-producing Gramnegative bacilli may play a role in the observed contamination (Wellington et al., 2013) .
PCR analysis was performed to detect the genes encoding class Aβ-lactamases (i.e., TEM, SHV, and CTX-M) in ESBL-positive isolates. All 23 strains harbored the bla CTX-M gene; however, other genes were not detected (Table 2) . Second PCR and sequencing with group-specific primers showed that all bla genes were identified as bla (Table 2 ). This ESBL gene has recently been shown to have increased prevalence in ESBL-producing Salmonella and Escherichia coli isolates from retail chickens, pigs, and patients with acute diarrhea in South Korea (Song et al., 2009; Kang et al., 2013; Tamang et al., 2015; Kim et al., 2016) .
Recently, the prevalence of third-generation cephalosporin-resistant S. Virchow has dramatically increased, and studies have shown that ESBL-producing S. Virchow isolates in humans from South Korea disseminated clonally with high genetic relatedness, including the presence of the bla CTX-M-15 gene (Kim et al., 2016) . The genotypic characteristics of the isolates were consistent with our previous and present studies . Moreover, Salisbury et al. (2011) reported that the isolates from humans and poultry in England exhibited relatively high levels of genetic relatedness. Thus, combined with data from previous studies, our results emphasized the need for comprehensive surveillance to prevent further dissemination of these resistant clonal strains.
CTX-M-15-positive isolates were further analyzed to determine the genetic environment of bla CTX-M genes by using PCR. PCR identified the insertion sequences ISEcp1 tnpA and IS26 tnpA upstream of the bla CTX-M gene and IS903 downstream of the bla CTX-M gene ( Table 2 ). The insertion sequences mucA and orf477 were not detected downstream of the bla CTX-M gene. Mobile insertion sequences, such as IS26, IS903, and ISEcp1, could play an important role in the spread of such ESBL by affecting the mobilization and expression of the bla CTX-M gene (Poirel et al., 2005; Eckert et al., 2006) . To the best of our knowledge, the genetic platform for the bla CTX-M gene (IS26-ISEcp1-bla CTX-M-15 -IS903) has never been reported in ESBLproducing Salmonella strains, but has been found only in Morganella morganii (Mahrouki et al., 2012) .
In this study, the number of meat samples was relatively small and the sampling locations were restricted in order to represent the prevalence and characteristics of Salmonella specifically in retail chicken meat in South Korea. In addition, although samples (CK) slaughtered on a separated slaughter line also were tested in this study, the different growth environments and slaughter ages between broilers and Korean native chickens could affect the contamination levels and antibiotic resistance status of the pathogen. Therefore, additional controlled experiments with samples obtained from various regions are needed to exclude the possibility of cross-contamination in the slaughter line for proper comparisons between chickens raised in antibiotic-free and conventional environments.
CONCLUSION
To the best of our knowledge, this is the first study in South Korea comparing the recovery rates and characteristics of Salmonella isolates derived from meat samples of chickens raised under antibiotic-free and conventional conditions. Regardless of product type, at least 50% of the isolated Salmonella strains produced ESBL enzymes and had identical genetic platforms for the bla CTX-M gene (IS26-ISEcp1-bla CTX-M-15 -IS903), which was first reported in Salmonella. Nationwide epidemiological studies are needed to further elucidate the possible transmission routes between chicken products from birds raised under conventional and antibiotic-free conditions and between meat products and humans.
